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Article search methodology and criteria:

Search string used for Web of science (on 2021-03-10):
(TS=(lca  OR lcia  OR "life cycle assessment"  OR "life cycle analysis"  OR "life cycle inventory assessment"  OR usetox)  AND TS=(antimicr*  OR antibio*  OR pharmaceutical*  OR micropoll*))  AND LANGUAGE: (English) AND DOCUMENT TYPES: (Article)
Timespan: 2008-2020. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI.
· 266 articles identified

Title screening: 
Removing articles with title content not related to 
1. Human pharmaceutical or antibiotic activities and hospital settings. 
2. Veterinary applications of pharmaceuticals
3. Life cycle assessment or life cycle impact assessment themes 
4. Wastewater treatment of PPCP’s, pharmaceuticals, antibiotics, PhACs or chemicals of emerging concern.
· Articles removed: 186
· Articles remaining: 80

Abstract screening:
Removing articles with abstract content not related to:
1. Antibiotics and life cycle assessment
2. Characterization of antibiotics
3. Impact assessment of processes related to production, use or waste of antibiotics. Removed if processes deal with specified non-antibiotic compounds but included if processes target general PhACs (pharmaceutically active compounds) etc.
4. Silver nanoparticles are not included
5. Ecotoxicological impact scenarios
· Articles removed: 37
· Articles remaining: 43

Full article screening
· Articles removed: 27
· Articles to include in review: 16 (+ Henriksson et al. 2015)

[image: ]
Fig S1 Methodological flow-chart of the literature screening process. TS = “topic search”. *: Study by Henriksson et al. 2015 identified prior to search
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Table S1 Currently available Freshwater ecotoxicity characterization factors for ABs in USEtox
	Antibiotic
	mean
	std.dev
	Alfonsin 2014
	Henriksson  2015
	Li 2019
	Morais 2013
	Ortiz de Garcia 2017
	USEtox

	Amoxicillin
	3.52e+06
	6.10e+06
	 
	3.21e+01
	 
	 
	3.33e+02
	1.06e+07

	Ampicillin
	2.49e+03
	3.09e+03
	
	4.67e+03
	
	
	
	3.06e+02

	Apramycinsulfate
	-
	 
	 
	1.96e+01
	 
	 
	 
	 

	Azithromycin
	-
	
	
	
	
	
	3.68e+04
	

	Cefaclor
	-
	 
	 
	 
	 
	 
	1.71e+01
	 

	Cephalexin
	5.29e+02
	1.40e+01
	
	5.39e+02
	5.19e+02
	
	
	

	Chloramphenicol
	-
	 
	 
	 
	 
	 
	 
	3.97e+02

	Chlortetracycline
	3.09e+03
	3.14e+03
	
	5.31e+03
	
	
	
	8.67e+02

	Ciprofloxacin
	4.92e+03
	6.96e+03
	 
	1.67e-01
	 
	 
	9.84e+03
	 

	Clarithromycin
	3.27e+04
	4.51e+04
	
	
	
	8.14e+02
	6.46e+04
	

	Clindamycin
	-
	 
	 
	 
	 
	7.56e-01
	 
	 

	Colistin
	-
	
	
	2.24e+01
	
	
	
	

	Doxycycline
	-
	 
	 
	1.21e+03
	 
	 
	 
	 

	Enrofloxacin
	-
	
	
	1.40e+02
	
	
	
	

	Erythromycin
	1.78e+04
	1.19e+04
	2.49e+04
	 
	 
	7.99e+01
	 
	2.14e+04

	Florfenicol
	-
	
	
	2.05e+03
	
	
	
	

	Flumequine
	5.73e+03
	4.15e+03
	 
	2.80e+03
	 
	 
	 
	8.66e+03

	Gentamicinsulfate
	-
	
	
	1.84e+04
	
	
	
	

	Kanamycin
	-
	 
	 
	1.65e+02
	 
	 
	 
	 

	Levofloxacin
	-
	
	
	
	
	
	4.99e+03
	

	Levofloxacinhydrate
	-
	 
	 
	1.71e+04
	 
	 
	 
	 

	Lincomycin
	-
	
	
	
	1.11e+03
	
	
	

	Mecillinam
	-
	 
	 
	 
	2.48e+03
	 
	 
	 

	Metronidazole
	-
	
	
	
	
	
	
	1.61e+02

	Neomycinsulfate
	-
	 
	 
	2.07e+03
	 
	 
	 
	 

	Norfloxacin
	1.44e+03
	1.70e+03
	
	2.33e+02
	
	
	2.64e+03
	

	Ofloxacin
	-
	 
	 
	 
	1.90e+05
	 
	 
	 

	Ormetoprim
	-
	
	
	4.02e+02
	
	
	
	

	Oxytetracycline
	6.86e+03
	9.55e+03
	 
	1.11e+02
	 
	 
	 
	1.36e+04

	Rifampicin
	-
	
	
	9.03e+05
	
	
	
	

	Roxithromycin
	1.13e+03
	1.48e+03
	2.18e+03
	 
	 
	8.00e+01
	 
	 

	Sulfadiazine
	9.13e+03
	7.53e+03
	
	6.41e+02
	1.50e+04
	
	
	1.17e+04

	Sulfadimethoxine
	1.60e+03
	1.73e+03
	 
	3.71e+02
	2.82e+03
	 
	 
	 

	Sulfamethoxazole
	3.09e+03
	2.17e+03
	2.99e+03
	4.61e+03
	
	5.18e+01
	
	4.70e+03

	Sulfapyridine
	-
	 
	 
	 
	1.19e+03
	 
	 
	 

	Tetracycline
	3.28e+02
	1.12e+02
	
	
	4.08e+02
	
	
	2.49e+02

	Thiamphenicol
	-
	 
	 
	1.52e+03
	 
	 
	 
	 

	Tiamulin
	-
	
	
	
	4.84e+04
	
	
	

	Trimethoprim
	5.86e+02
	4.15e+02
	4.74e+02
	9.84e+02
	 
	5.50e+00
	 
	9.95e+02

	Tylosin
	0.00e+00
	
	
	
	0.00e+00
	
	
	



Table S2 3rd gen cephalosporin (3GC) use per country in 2016. DID estimated data from ecdc.europa.eu/en/antimicrobial-consumption/database/distribution-by-antimicrobial, Population data from ec.europa.eu/eurostat (both accessed 2020-09-14). No data from hospital sector assumes 0 use within the sector. DID = DDD per 1000 inhabitants per day. DDD = defined daily dose. Since the DDD (defined daily dose) reported for the various 3GCs does not include data on each substance, we here use the average of 2,00278g per dose. DDD’s range between 0,4-4 g 
	Country
	Community (C) and/or Hospital (H) sector data
	DIDs
	EU Population 1.1.2016 (in 1000 inhabitants)
	DDDs 
	Tonnes per year 

	Austria
	C
	0,232
	8690,1
	4037,8
	1,474

	Belgium
	C & H
	0,1
	11311,1
	2265,4
	0,827

	Bulgaria
	C & H
	1,29
	7153,8
	18482,4
	6,746

	Croatia
	C & H
	0,4
	4190,7
	3357,2
	1,225

	Cyprus
	C & H
	0,83
	848,3
	1410,1
	0,515

	Czhecia
	C
	0,08
	10553,8
	1690,9
	0,617

	Denmark
	C & H
	0,026
	5707,3
	297,2
	0,108

	Estonia
	C & H
	0,08
	1315,9
	210,8
	0,077

	Finland
	C & H
	0,08
	5487,3
	879,2
	0,321

	France
	C & H
	1,79
	66750
	239296,0
	87,343

	Germany
	C
	0,33
	82175,7
	54311,1
	19,824

	Greece
	C & H
	0,2
	10783,7
	4319,5
	1,577

	Hungary
	C & H
	0,36
	9830,5
	7087,8
	2,587

	Iceland
	C
	0,004
	332,5
	2,7
	0,001

	Ireland
	C & H
	0,085
	4724,7
	804,3
	0,294

	Italy
	C & H
	2,2
	60665,6
	267298,3
	97,564

	Latvia
	C & H
	0,467
	1969
	1841,6
	0,672

	Lithuania
	C & H
	0,17
	2888,6
	983,5
	0,359

	Luxembourg
	C & H
	0,19
	576,2
	219,3
	0,080

	Malta
	C & H
	0,79
	434,4
	687,3
	0,251

	Netherlands
	C & H
	0,075
	16979,1
	2550,4
	0,931

	Norway
	C & H
	0,13
	5214
	1357,5
	0,495

	Poland
	C & H
	0,15
	37967,2
	11405,9
	4,163

	Portugal
	C & H
	0,34
	10341,3
	7041,8
	2,570

	Romania
	C & H
	1,27
	19760,3
	50260,7
	18,345

	Slovakia
	C & H
	1,01
	5426,3
	10976,3
	4,006

	Slovenia
	C & H
	0,138
	2064,2
	570,5
	0,208

	Spain
	C
	0,39
	46440,1
	36273,4
	13,240

	Sweden
	C & H
	0,141
	9851
	2781,8
	1,015

	UK
	C & H
	0,053
	65382,6
	6940,2
	2,533

	TOTAL
	
	13,401
	515815,3
	13844029,1
	270,0



Table S3 Attributed DALYs to 3GC resistant E. coli within EU 2015
	
	Median number of DALYs per 100 000 population (1)
	EU Population 1.1.2016 (in 1000) (2)
	Median number of DALYs in EU from 3GC - E. coli

	Third-generation cephalosporin-resistant Escherichia coli
	37.20
	515815.30
	191883.29


(1) Source:  Cassini et al. (2019)
(2) Source: https://ec.europa.eu/eurostat/documents/2995521/8102195/3-10072017-AP-EN.pdf (accessed 2020-01-17)

Table S4 Attributing DALYs to 3GC resistant E. coli per kg 3GC used within EU 2015
	
	3GC used in EU 2015 (kg) (1)
	∂3GC,E.coli,EU
	ABF3GC,E.coli,EU
	DALYs per kg 3GC used

	Total sales for veterinary use 3rd & 4th gen. cep.
	13900
	0
	219770.89
	0.873

	Total human consumption of 3GC
	269968.9
	0.81406
	
	

	Total
	283868.9
	
	
	0.873


(1) Source: https://www.ecdc.europa.eu/en/antimicrobial-consumption/database/distribution-by-antimicrobial-group (accessed 2020-01-17)

Table S5 Physiochemical properties of antibiotics for USEtox ABR-enrichment CF calculations
	CAS RN
	Name
	MW
g.mol-1
	KOW
L.L-1
	Koc
L.kg-1
	KH25C
Pa.m3.mol-1
	Pvap25
Pa
	Sol25
mg.L-1
	kdegA
s-1
	kdegW
s-1
	kdegSd
s-1
	kdegSl
s-1
	HC50_ABR
log(mg.L-1)
	BAFfish
L.kgfish-1
	Source

	69-53-4
	Ampicillin
	3,49E+02
	2,24E+01
	8,51E+01
	2,42E-12
	1,16E-17
	1,01E+04
	1,12E-04
	1,54E-07
	1,65E-06
	1,54E-07
	-2,41E+00
	1,83E+00
	(Henriksson et al. 2015)

	26787-78-0
	Amoxicillin
	3,65E+02
	7,41E+00
	8,66E+02
	2,52E-16
	6,24E-15
	3,43E+03
	1,50E-04
	1,93E-06
	2,52E-05
	5,03E-05
	-1,90E+00
	1,10E+00
	(Henriksson et al. 2015)

	15686-71-2 
	Cephalexin
	3,47E+02
	4,47E+00
	6,63E+02
	2,80E-12
	4,31E-13
	1,79E+03
	2,39E-04
	1,54E-07
	1,71E-08
	1,54E-07
	-1,38E+00
	3,16E+00
	(Henriksson et al. 2015)

	85721-33-1
	Ciprofloxacin
	3,31E+02
	1,07E+01
	6,10E+03
	5,16E-14
	2,19E-10
	3,00E+03
	3,41E-04
	0,000116
	1,07E-08
	9,65E-08
	-3,05E+00
	USEtox default*
	(Henriksson et al. 2015)

	001066-17-7
	Colistin
	8,13E+02
	3,98E-03
	3,54E+04
	5,34E-27
	9,19E-23
	5,64E+03
	2,79E-04
	3,22E-08
	3,57E-09
	3,22E-08
	-1,77E+00
	USEtox default *
	(Henriksson et al. 2015)

	564-25-0
	Doxycycline
	4,44E+02
	9,55E-01
	7,28E+03
	5,38E-25
	1,89E-21
	6,30E+02
	3,10E-04
	1,63E-06
	1,16E-06
	6,43E-07
	-2,03E+00
	USEtox default *
	(Henriksson et al. 2015)

	73231-34-2
	Florfenicol
	3,58E+02
	1,10E+00
	3,80E+01
	6,06E-27
	5,54E-23
	1,32E+03
	3,10E-04
	1,68E-07
	2,13E-07
	7,47E-07
	-1,74E+00
	USEtox default *
	(Henriksson et al. 2015)

	59-01-8 
	Kanamycin
	4,85E+02
	2,00E-07
	1,00E+01
	2,95E-33
	4,39E-21
	1,00E+06
	3,61E-04
	6,65E-07
	7,43E-08
	2,78E-08
	-1,76E+00
	USEtox default *
	(Henriksson et al. 2015)

	100986-85-4 
	Levofloxacin hydrate
	3,61E+02
	1,26E+02
	4,44E+01
	5,10E-27
	2,37E-20
	6,76E+05
	3,10E-04
	9,65E-08
	1,07E-08
	6,43E-07
	-2,87E+00
	USEtox default *
	(Henriksson et al. 2015)

	13292-46-1
	Rifampicin
	8,23E+02
	1,74E+04
	6,92E+02
	2,75E-37
	3,99E-41
	1,40E+03
	9,51E-04
	3,22E-08
	3,57E-09
	1,34E-09
	-3,37E+00
	USEtox default *
	(Henriksson et al. 2015)

	723-46-6
	Sulfamethoxazole 
	2,53E+02
	7,76E+01
	1,86E+03
	9,69E-08
	2,49E-16
	6,10E+02
	2,17E-04
	3,05E-07
	2,89E-06
	1,54E-07
	-8,51E-01
	1,47E+00
	(Henriksson et al. 2015)

	738-70-5
	Trimethoprim
	2,90E+02
	8,13E+00
	2,84E+03
	2,42E-09
	1,31E-06
	1,82E+04
	2,20E-04
	1,02E-06
	5,26E-08
	1,05E-07
	-2,28E+00
	1,20E+00
	(Henriksson et al. 2015)

	114-07-8
	Erythromycin
	7,34E+02
	1,15E+03
	2,55E+01
	4,01E-20
	2,83E-23
	5,17E-01
	3,02E-04
	4,46E-08
	4,95E-09
	2,23E-08
	2,63E-01
	9,29E+00
	(Alfonsín et al. 2014)

	80214-83-1
	Roxithromycin
	8,37E+02
	5,62E+02
	9,63E+00
	2,45E-30
	1,39E-27
	4,74E+05
	2,59E-04
	4,46E-08
	4,96E-09
	2,23E-08
	-9,00E-01
	1,05E+01
	Alfonsín et al. 2014)


* BAFfish calculations in USEtox explained in section 6.4.3 in Fantke et al. (2017).
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